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Increased plasma levels of CK-18 as potential cell 
death biomarker in patients with HELLP syndrome 

K John 1 , S Wielgosz 1 , K Schulze-Osthoff 2 ' 3 , H Bantel*' 1 ' 5 and R Hass 4 ' 5 

HELLP (hemolysis, elevated liver enzymes, low platelets) syndrome represents a life-threatening pregnancy disorder with high 
fetal and maternal mortality, but its underlying molecular mechanisms remain unknown. Although apoptosis has been implicated 
in HELLP syndrome, its pathogenic role remains largely unclear. In the present study, we investigated whether the detection of 
apoptosis by novel plasma biomarkers is of diagnostic value in HELLP patients. For this purpose, we analyzed two biomarkers 
that specifically detect apoptosis or overall cell death of epithelial cells, such as hepatocytes or placental trophoblasts, through 
the release of caspase-cleaved or total (caspase-cleaved and uncleaved) cytokeratin-18 (CK-18) in plasma of HELLP patients 
compared with pregnant as well as non-pregnant healthy women. In addition, caspase activation and cell death were determined 
in placental tissues of HELLP patients and individuals with normal pregnancy. In contrast to pregnant or non-pregnant healthy 
controls, we observed significantly increased levels of both caspase-cleaved and total CK-18 in plasma of HELLP patients. 
Following delivery, CK-18 levels rapidly decreased in HELLP patients. Caspase activation and cell death were also elevated in 
placental tissues from HELLP patients compared with healthy pregnant women. These data demonstrate not only that apoptosis 
is increased in HELLP syndrome, but also that caspase-cleaved or total CK-18 are promising plasma biomarkers 
to identify patients with HELLP syndrome. Thus, further studies are warranted to evaluate the utility of these biomarkers for 
monitoring disease activity in HELLP syndrome. 
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HELLP (hemolysis, elevated liver enzymes, low platelets) 
syndrome and pre-eclampsia are multisystemic diseases 
associated with high perinatal and maternal morbidity and 
mortality. 1 ' 2 Both entities are considered to represent different 
severity of the same pregnancy disorder and thus show 
similar pathological alterations of the placenta. 3 Although the 
causes of this pregnancy disorder still remain unclear, a 
variety of findings points to endothelial dysfunctions as one of 
the early events in this multistep disease, whereby increased 
levels of the anti-angiogenic factor sFlt-1 (soluble fms-like 
tyrosine kinase-1) coincide with reduced vascularization 
and an aberrant placentation. These effects are associated 
with increased vasoconstriction, maternal hypertension and 
reduced uteroplacental blood flow. As a consequence, an 
accumulation of oxidative stress-induced metabolites such as 
reactive oxygen species triggers placental tissue damage. 4-6 
Such placental tissue damage attracts and activates immune- 
competent cells. Indeed, immunological maladaptation is the 
most probable trigger of the insult to the invading trophoblast, 
which also occurs early in the first trimester. This could result 
in a sustained activation of the immune system, 7 ' 8 which 



imbalances metabolic pathways and interferes with important 
regulatory mechanisms such as apoptosis. In this context, 
normal placenta development is controlled by physiological 
apoptosis, which has a crucial role in the maintenance of 
tissue homeostasis and an intact pregnancy. 9 ' 10 In pregnancies, 
complicated by pre-eclampsia increased apoptosis 
of placental tissue compared with normal pregnancy has 
been demonstrated. 11-14 

Apoptosis is triggered by two major signaling routes, 
namely the extrinsic death receptor and the intrinsic 
mitochondrial pathway. 15-17 Binding of death ligands, such 
as tumor necrosis factor-a, tumor necrosis factor-related 
apoptosis-inducing ligand or CD95L, to their respective death 
receptors leads to death-inducing signaling complex forma- 
tion, which results in receptor oligomerization and activation of 
initiator caspase-8 and -10. Subsequently, initiator caspases 
activate effector caspases such as caspase-3 and -7. The 
intrinsic pathway is triggered by cellular stress, which initiates 
the release of mitochondrial proapoptotic mediators followed 
by activation of initiator caspase-9 and downstream effector 
caspases. Effector caspases cleave a variety of cellular 
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substrates resulting in the demise of the cell. Among the 
different substrates of caspases are proteins with diverse 
biological functions including structural proteins of the 
cytokeratin I family such as cytokeratin-18 (CK-18). 

CK-18 is specifically expressed by epithelial cells, such 
as hepatocytes or placental trophoblasts. 18 ' 19 It has been 
recently demonstrated that caspase-generated CK-18 
cleavage fragments are released from apoptotic epithelial 
cells and can be detected in blood samples from patients with 
epithelial organ dysfunction, for example, with liver diseases 
or pre-eclampsia. 20-23 The molecular mechanisms of CK-18 
release from apoptotic epithelial cells remain unknown. 
During apoptosis, caspase-generated CK-18 fragments have 
been found in cytoplasmic inclusion bodies that are brought to 
apoptotic surface blebs, most likely before secondary 
necrosis occurs. 24 

In the present study, we investigated different cell 
death biomarkers including caspase-cleaved CK-18 and total 
(caspase-cleaved and uncleaved) CK-18 in plasma samples 
from patients with HELLP syndrome compared with indivi- 
duals with normal pregnancy. We found significantly higher 
plasma levels of caspase-cleaved and total CK-18 in HELLP 
syndrome compared with pregnant or non-pregnant healthy 
controls. Our results suggest that cell death biomarkers might 
therefore help to early identify patients with increased risk of 
developing life-threatening HELLP syndrome. 

Results 



normal pregnancy. To determine the predictive discrimi- 
nating values of caspase-cleaved CK-18 and total CK-18 for 
discrimination between patients with HELLP syndrome 
(n=15) and women with normal pregnancy (n = 20), we 
performed a receiver operating characteristics analysis 
comparing patients with HELLP syndrome and women with 
normal pregnancy (Figure 2). Caspase-cleaved CK-18 levels 
above or below 243 U/l correctly predicted HELLP syndrome 
with a sensitivity of 87% and a specificity of 80% (area under 
the curve = 0.89; Figure 3a). For total (caspase-cleaved 
and uncleaved) CK-18 levels, we calculated a cutoff 
value of 1032 U/l for the prediction of HELLP syndrome with 
a sensitivity and a specificity of 100% (area under the 
curve = 1.0; Figure 3b). 

No correlation between CK-18 fragment and 
aminotransferase levels in patients with HELLP 
syndrome. To analyze whether increased CK-18 fragment 
levels are associated with liver damage, we performed 
regression analyses correlating CK-18 fragments with 
aminotransferase and lactate dehydrogenase (LDH) levels 
of HELLP syndrome patients. We found no positive correla- 
tion of caspase-mediated CK-18 cleavage fragments with 
aspartate aminotransferase (AST) or alanine aminotransferase 
(ALT) levels {r= -0.48 and r= -0.23; Figures 3a and b), 
indicating that CK-18 fragments and aminotransferases are 
released by different mechanisms or that CK-18 fragment 



Increased CK-18 plasma levels in patients with HELLP 
syndrome compared with normal pregnancy. During 
apoptosis of epithelial cells, for example, hepatocytes or 
trophoblasts, caspases cleave the intermediate filament 
protein CK-18 into fragments that are released in the 
bloodstream. CK-18 cleavage thereby generates a neo- 
epitope that can be detected by the monoclonal antibody 
M30 and therefore allows the assessment of apoptosis 
specifically of epithelial cells by an ELISA. In contrast, 
another assay, the M65 ELISA, detects both caspase- 
cleaved and uncleaved CK-18 and is therefore used as a 
marker of overall death including apoptosis and necrosis. 

To investigate the utility of both cell death biomarkers, we 
analyzed plasma samples of HELLP patients (n=15) 
compared with individuals with normal pregnancy (n = 20). 
We found significantly (P<0.01) higher plasma levels of 
CK-18 fragments in HELLP patients compared with women 
with normal pregnancy (504.0 ± 93.5 U/l versus 203.9 ± 15.4 
U/l; Figure 1a). HELLP patients showed also significantly 
(P<0.01) higher CK-18 fragment levels compared with non- 
pregnant healthy women (21 8.0 ±18.1 U/l; n=10), whereas 
individuals with normal pregnancy did not differ from non- 
pregnant controls in their plasma levels of CK-18 fragments 
(Figure 1a). Similar results were obtained for the detection of 
total CK-1 8 with significantly (P< 0.01 ) higher CK-1 8 levels in 
HELLP patients (2633.8 ± 595.7 U/l) compared with women 
with normal pregnancy (652.8 ± 30.4 U/l) and non-pregnant 
healthy controls (261 .3 ± 33.6 U/l; Figure 1 b). 

CK-18 cell death biomarkers reveal a high sensitivity and 
specificity for the discrimination between HELLP and 
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Figure 1 Detection of caspase-cleaved CK-18 fragments (a) and total CK-18 
(b) in plasma samples of patients with HELLP syndrome (/? = 15), women with 
normal pregnancy (n=20) and non-pregnant healthy women (a? =10). Patients 
with HELLP syndrome showed significantly higher plasma levels of CK-18 
fragments (a) and total CK-18 (b) compared with women with normal or without 
pregnancy. **P<0.01; n.s., non significant 
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Figure 2 Prediction of HELLP syndrome by cell death biomarkers. The receiver 
operating characteristic analyses indicate the threshold for caspase-cleaved (a) and 
total (b) CK-18 with the best compromise sensitivity/specificity for discrimination 
between HELLP syndrome and normal pregnancy. AUC, area under the curve 



Cell Death and Disease 



Cell death biomarkers in HELLP syndrome 

K John et al 



levels are not related to liver damage. In contrast, a positive 
correlation of CK-18 fragments (Figure 3c) or total CK-18 
(Figure 3d) was found with LDH levels (r= 0.27 and r= 0.42). 
Moreover, CK-18 fragments showed an inverse correlation 
with platelet counts (r=-0.29, data not shown), 
further suggesting that CK-18 cell death biomarkers might 
be associated with non-hepatic rather than with hepatic 
disease activity. 




100 200 300 
AST (U/L) 



400 



100 200 300 
ALT (U/L) 



400 



2000 



co 1500 



1000 



» 500 




200 400 600 800 1000 
LDH (U/L) 



200 400 600 800 1000 
LDH (U/L) 



Figure 3 Regression analyses correlating CK-18 fragments with AST (a), ALT 
(b) or LDH (c) levels as well as total CK-18 with LDH levels (d) in HELLP syndrome 
patients. No positive correlation between CK-18 fragments and aminotransferase 
levels was found. In contrast, CK-18 fragments and total CK-18 positively correlated 
with LDH levels 



Increased caspase activation and cell death in placenta 
tissue of patients with HELLP syndrome compared with 
individuals with normal pregnancy. One reason for 
the lack of correlation between CK-18 fragments and 
aminotransferase levels might be that the detected CK-18 
fragments are mainly released from placenta tissues in 
HELLP patients. We therefore investigated caspase activa- 
tion and cell death in placenta tissues of HELLP syndrome 
patients (n = 5) compared with normal pregnant women 
(n = 4). As assessed by immunostaining with an antibody 
against active caspase-3, we found a higher number 
of cells positive for active caspase-3 in placentas of 
HELLP syndrome patients compared with normal pregnancy 
(Figure 4a). Similarly, terminal deoxynucleotidyl transferase 
dUTP nick end labelling (TUNEL) staining showed that 
patients with HELLP syndrome revealed a significantly 
(P<0.05) higher cell death rate compared with healthy 
pregnancy (39.8 ± 8.6% versus 7.4 ± 4. 1 %), indicating 
elevated placental cell death in those patients compared 
with normal pregnant women (Figures 4b and c). 

Decrease of CK-18 plasma levels in HELLP syndrome 
patients after delivery. We then analyzed the course 
of CK-18 plasma levels one day before and after delivery 
of HELLP syndrome patients (n = 3). Both caspase-mediated 
CK-18 fragments (Figure 5a) as well as total CK-18 
(Figure 5b) levels decreased after delivery (450.2 ± 
105.2U/I and 978.9 ± 89.7 U/l) compared with the levels 
before delivery (918.9 ± 383.2 U/l and 2645.0 ± 1026.7 U/l). 
These data indicate that detection of epithelial cell death in 
blood samples might represent reliable noninvasive bio- 
markers for monitoring disease activity in HELLP syndrome. 

Discussion 

HELLP syndrome displays a life-threatening pregnancy 
disorder without reliable early diagnostic biomarkers so far 
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Figure 4 Detection of caspase-3 activation (a) and TUNEL reactivity (b) in placenta tissues of patients with HELLP syndrome (n = 5) and women with normal pregnancy 
(n = 4). The percentage of TUNEL-positive cells was assessed by analyzing four microscopic fields at x 400 magnification and is given as mean ± S.E.M. (c). Patients with 
HELLP syndrome showed increased caspase-3 activation and a higher percentage of TUNEL-positive cells in placenta tissues compared with normal pregnant women. 
*P<0.05. DAPI, ^6<liamidino-2-phenylindole 
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Figure 5 Detection of caspase-cleaved CK-18 fragments (a) and total CK-18 
(b) in plasma samples of patients with HELLP syndrome (n = 3) within one day 
before and after delivery. Both cell death biomarkers rapidly declined after delivery 

and delivery by an emergency case Cesarean section has to 
be performed in a large number of cases. Apoptosis has been 
implicated in HELLP syndrome, although its pathogenic 
contribution to placental and liver damage in this disease 
remains unknown. 9 ' 25 There is increasing evidence that 
caspase-cleaved CK-18 and total CK-18 represent useful 
noninvasive biomarkers for serological detection of epithelial 
organ damage. 20-23 In the present study, we therefore 
analyzed those cell death biomarkers in plasma of women 
with normal pregnancy or HELLP syndrome. 

We could demonstrate significantly elevated plasma levels 
of CK-18 fragments and total CK-18 in HELLP syndrome 
compared with normal pregnancy or healthy controls. Both 
CK-18 biomarkers revealed a high sensitivity and specificity 
for discrimination between HELLP and normal pregnancy. 
Whether the obviously better diagnostic performance of the 
M65 biomarker reflects different plasma stabilities of the 
various CK-1 8 forms or differential contribution of apoptosis or 
necrosis is currently unclear. Interestingly, the elevated 
CK-18 plasma levels rapidly declined after delivery. In order 
to evaluate whether increased CK-18 plasma levels are 
influenced by liver injury, we correlated CK-18 fragments with 
aminotransferase levels. In this context, we found a negative 
correlation between caspase-generated CK-18 fragments 
and aminotransferase levels in HELLP syndrome patients. 
This observation is in line with a recent study that found no 
correlation between CK-1 8 fragments and laboratory markers 
of liver dysfunction in patients with pre-eclampsia. 21 CK-18 
plasma levels further revealed an inverse correlation with 
platelet counts (data not shown) and a positive correlation with 
LDH levels. Thus, these and previous data 21 would imply that 
the placenta rather than the liver is the origin of increased 
plasma CK-18 levels, although further studies are required to 
address this issue in detail. 

The molecular mechanisms of increased cell death in 
placenta and liver tissues from patients with HELLP syndrome 
are largely unknown. It has recently been demonstrated that 
sera from HELLP syndrome patients exert toxicity in primary 
human hepatocytes and that blocking of CD95L reduced liver 
toxicity of those sera. In this study, CD95L was found to be 
produced in the placenta 25 In line with this observation, 
increased CD95L expression and apoptosis of villous 
trophoblasts of HELLP syndrome compared with pre-eclampsia 
patients have been demonstrated. 26 In contrast, several 



studies reported on reduced CD95L expression but higher 
apoptosis rates in placenta tissues from patients with 
pre-eclampsia. 12 ' 27 We found a higher caspase activity and 
cell death rate in placenta tissue from patients with HELLP 
syndrome compared with normal pregnant women. This 
observation is supported by a recent study demonstrating 
increased caspase-3 expression and apoptosis 
in placenta tissues from HELLP syndrome patients compared 
with normal pregnancy. 28 Whether the increased caspase 
activation and apoptosis in placenta tissues of HELLP 
syndrome patients is mediated by CD95/CD95L interaction 
remains to be elucidated. CD95L is also physiologically 
expressed by immune cells such as cytotoxic T lymphocytes. 
T cells not only mediate apoptosis of parenchyma cells but 
also induce T-cell apoptosis via CD95L/CD95-mediated 
suicide or fratricide, thereby terminating or counter-regulating 
immune responses. 29 A lack of physiological T-cell death in 
HELLP syndrome might contribute to increased 
T-cell-mediated cytotoxicity against placental cells associated 
with the release of CK-18 fragments. Interestingly, we found 
lower plasma levels of CD95L in HELLP patients compared 
with normal pregnancy (data not shown). 

Taken together, we have demonstrated that CK-18 cell 
death biomarkers are detectable at significantly elevated 
levels in the plasma of HELLP patients and return to levels of 
healthy individuals after delivery. These noninvasive bio- 
markers revealed a promising diagnostic performance for 
the discrimination between HELLP and normal pregnancy and 
might therefore be suitable for early selection of patients who 
might benefit from Cesarean section. Further large cohort 
studies are warranted to evaluate the value of those cell death 
biomarkers for early detection and monitoring of pregnancy 
disorders including pre-eclampsia and HELLP syndrome. 



Materials and Methods 

Patients. We investigated CK-18 cell death biomarkers in plasma samples from 
15 patients with HELLP syndrome (mean age 31.0 ±1.5 years; week of gestation 
mean 31 .3 ± 1 .4), 20 women with normal pregnancy and normal aminotransferase 
levels (mean age 29.8 ±5.1 years; week of gestation mean 38.2 ±3.1) and 
10 healthy non-pregnant women (mean age 26.1 ±1.3 years). Plasma samples 
for detection of CK-18 cell death biomarkers were collected within 3 days (< 1 day 
n=10; 2-3 days n = 5) before delivery in HELLP syndrome patients. Routine 
laboratory parameters were determined at the same time (mean AST 
level = 122.1 ± 19.6 U/l; mean ALT level = 130.9 ± 17.8 U/l; mean platelet count 
127333 ± 11 586/jul; mean LDH level 379.5 ±38.2 U/l; mean hemoglobin level 
11.5 ±0.3 g/dl). In three patients with HELLP syndrome, CK-18 cell death 
biomarkers were measured within one day before and after delivery. In addition, 
we performed staining for caspase activation and cell death (TUN EL reactivity) in 
placenta tissues of four women with normal pregnancy and five patients with 
HELLP syndrome. The study was performed according to the guidelines of the 
Ethics Committee of Hannover Medical School. 

Detection of caspase-cleaved and total cytokeratin-18. For the 

quantitative measurement of the caspase-generated neoepitope of CK-18 in 
plasma samples, we used the M30-Apoptosense ELISA kit (Peviva, Bromma, 
Sweden) as described previously. 20,22 We further used the M65 ELISA (Peviva) 
that quantifies both uncleaved and caspase-cleaved CK-18. 23 The assays were 
performed in duplicates according to the protocol of the manufacturer. ELISA units 
were calculated based on calibration curves with synthetic immunogenic peptides. 
For both assays, a cubic spline algorithm was employed for data interpolation. 

Immunohistochemistry. Paraffin sections from placenta of HELLP patients 
and healthy pregnancy were stained for active caspase-3 using an anti-cleaved 
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caspase-3 antibody (Cell Signaling Technology, Danvers, MA, USA). The sections 
were deparaffinized in xylene and ethanol, followed by washing in TBST (50 mM 
Tris-Base, 150mM sodium chloride, 0.05% Tween-20). Antigen retrieval was 
performed by cooking in unmasking solution (Vector Laboratories, Burlingame, 
CA, USA) for 3min and nonspecific binding was blocked with 1% bovine serum 
albumin for 1 h. Sections were then incubated overnight at 4°C with anti-cleaved 
caspase-3 antibody. After repeated washing, sections were incubated for 30min 
with biotinylated secondary antibody. Following inhibition of endogenous 
peroxidase, sections were covered for 1 h with avidin-biotin complex reagent 
(ABC kit, Vector Laboratories). Finally, the sections were stained in aminoethyl- 
carbazole solution (AEC chromogen kit, Sigma-Aldrich, St. Louis, MO, USA) 
and counterstained with hematoxylin. For TUNEL staining (cell death detection kit, 
Roche, Mannheim, Germany), paraffin sections were deparaffinized in xylene and 
ethanol, followed by washing in PBS and cooking in unmasking solution (Vector 
Laboratories). Sections were washed in PBS and then incubated for 1 h at 37 °C in 
a reaction mixture containing terminal deoxynucleotidyl transferase and fluorescein 
isothiocyanate-labeled deoxyuridine triphosphate as described. 30 Sections were 
counterstained with 4',6-diamidino-2-phenylindole (Vector Laboratories). 

Statistical analyses. Statistical analyses comparing the concentration of the 
different variables in the plasma of patients and controls were performed by using 
the Mann-Whitney test (GraphPad Prism 5.0; GraphPad Software, Inc., La Jolla, 
CA, USA). Regression analyses to calculate the Pearson correlation coefficient 
and receiver operating characteristics analyses were performed by using SPSS 
17.0 (IBM Corporation, Armonk, NY, USA). A P-value of less than 0.05 was 
considered significant. 
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